A ground-based microwave radiometer dedicated to chlorine monoxide (ClO) measurements around 278 GHz has been in operation from December 1993-June 1996 at the Plateau de Bure, France (45 • N, 5.9 • E, 2500 m altitude). It belongs to the international Network for the Detection of Stratospheric Change. A detailed study of both measurements and retrieval schemes has been undertaken. Although dedicated to the measurements of ClO, simultaneous profiles of O 3 , ClO and NO 2 , together with information about the instrumental baseline, have been retrieved using the optimal estimation method. The vertical profiles have been compared with other ground-based microwave data, satellite-borne data and model results. Data quality shows: 1) the weak sensitivity of the instrument that obliges to make time averages over several hours; 2) the site location where measurements of good opacities are possible for only a few days per year; 3) the baseline undulation affecting all the spectra, an issue common to all the microwave instruments; 4) the slow drift of some components affecting frequencies by 3-4 MHz within a couple of months. Nevertheless, when temporally averaging data over a few days, ClO temporal variations (diurnal and over several weeks in winter 1995) from 35-50 km are consistent with model results and satellite data, particularly at the peak altitude around 40 km, although temporal coincidences are infrequent in winter 1995. In addition to ClO, it is possible to obtain O 3 information from 30-60 km whilst the instrument is not optimized at all for this molecule. Retrievals of O 3 are reasonable when compared with model and another ground-based data set, although the lowermost layers are affected by the contamination of baseline remnants. Monthly-averaged diurnal variations of NO 2 are detected at 40 km and appear in agreement with photochemical model results and satellite zonally-averaged data, although the amplitude is weaker than the other data sets. This NO 2 result highlights the great potential of the retrieval scheme used.
Introduction
It is now well established that ozone (O 3 ) reduction at high latitudes in winter is correlated with the activation of halogen compounds and consequently correlated with the presence of chlorine monoxide (ClO) (World Meteorological Organization (WMO), 1995) . Nevertheless, at mid-latitudes, the negative trend in O 3 of a few percent per decade in the mid-to-upper stratosphere is still under study. Causes might be the presence of air masses of polar origin (O 3 -poor or ClO-rich air masses) or tropical origin with air processed through sulfate aerosols, enabling a slow activation of chlorine species. So far, the most extensive study involving ClO has been performed with measurements from the Microwave Limb Sounder (MLS) instrument aboard the Upper Atmosphere Research Satellite (UARS) from 1991 to 1997 . An averaged positive ClO trend of about 0.1 ppbv per decade has been observed at 2.1 hPa from 70 • S to 70 • N (Froidevaux et al., 2000) . Studies of northern midlatitudes processes were conducted by, for example, Santee et al. (2000) and Klein et al. (2000) . Ricaud et al. (2000) and Raffalski et al. (1998) have concentrated in their publications on the diurnal cycle and the seasonal variations of ClO in the Northern Hemisphere.
In terms of ground-based instruments, little information is available at mid-latitudes essentially because only microwave techniques can detect weak ClO lines for periods when halogens are not activated. Indeed, the great majority of the ground-based microwave instruments dedicated to ClO observations and belonging to the Network for the Detection of Stratospheric Change (NDSC) are located at high latitudes for arctic studies (e.g. Raffalski et al., 1998; Ruhnke et al., 1999; Klein et al., 2000) and antarctic studies (e.g. de Zafra et al., 1989; Solomon et al., 2002) . At mid-latitudes, a ClO microwave radiometer operating around the frequency of 278 GHz enabling the detection of O 3 , ClO and NO 2 lines, and already described in detail in , has been installed at the Plateau de Bure (44.6 • N, 5.9 • E, 2500 m) in the French Alps. Spectra have been measured from December 1993 to June 1996 during times of low opacities before the instrument was sent to Mauna Kea, in order to perform a comparison with another instrument already installed at that site . We can note that another ClO microwave instrument developed under European contracts, the European Minor Constituent Radiometer (EMCOR), operating around 205 GHz and using SIS technology mixer (Maier et al., 2001) , is installed in the northern mid-latitudes in the Swiss Alps, at the Jungfraujoch summit (3580 m altitude).
A first analysis has been reported, using the Optimal Estimation Method (Rodgers, 1990) to estimate ClO vertical profiles on a limited segment of the Plateau de Bure data, using the technique of "day -night" differencing to reduce baseline ripples . As the O 3 signal and the first-order baseline artifacts are removed by this procedure, only ClO profiles have been retrieved between 25 and 55 km. In order to optimize the amount of information contained in the spectra, i.e. in order to bring O 3 and NO 2 profiles together with ClO profiles, a method proposed by Kuntz et al., (1997) which does not require "day -night" differencing has now been implemented. The same philosophy is now used when analyzing measurements provided by the SubMillimetre Radiometer (SMR) instrument aboard the Odin satellite (Baron et al., 2002 ) with the forward model and retrieval code Microwave Odin Line Estimation and Retrieval (MOLIERE). This code has been modified to take into account an uplooking geometry, and its latest version is used to retrieve O 3 information from the microwave instrument operating at 110 GHz in Bordeaux (Schneider et al., 2003) .
Spectra measured at the Plateau de Bure are analysed by retrieving simultaneously ClO, O 3 , and NO 2 profiles, together with baseline parameters. The aim of this paper is to present the new retrieval scheme, and to assess the quality of the measurements by comparing with profiles measured by ground-based or satellite-borne instruments and model results. In Sect. 2, the observational technique is described and the baseline is characterized. In Sect. 3, the retrieval scheme is defined and retrieval from synthetic spectra are simulated in order to estimate the capabilities of the present instrument. In Sect. 4, we present the first results of the analysis over the period from January to April 1995, and the comparisons with ground-based and satellite-borne instruments and models for ClO, O 3 , and NO 2 .
Ozone measurements are compared with measurements obtained by another ground-based microwave radiometer operating at the same latitude and situated at Bern University (46.9 • N, 7.4 • E), measuring the ozone line at 142 GHz (Peter and Kämpfer, 1995) . Output of the purely photochemical zero-dimensional (0-D) model (Ricaud et al., 1994) and the SLIMCAT three-dimensional (3-D) chemical transport model (Chipperfield, 1999) are also compared with the O 3 measurements. The retrieved ClO profiles are compared with these two models, and, whenever available, with the ClO measurements version 4 from the UARS/MLS instrument (Barath et al., 1993) . The measured NO 2 diurnal variations are compared with the purely photochemical model and with the Version 8 zonally-averaged measurements from the Cryogenic Limb Array Etalon (CLAES) instrument aboard the UARS satellite (Roche et al., 1993) .
Measurement description

Stratospheric brightness temperature from the zenith direction
For a detailed description of the instrument and its measurement principle, the reader should refer to . A general description is nevertheless presented below. The millimeter-wave instrument is a heterodyne receiver with three filter banks covering a bandwidth of 506 MHz: 30 channels of 5 MHz on the left side of the bandwidth, 256 channels of 1 MHz at the center, and 20 channels of 5 MHz on the right side. The O 3 line (278.520 GHz) and the ClO hyperfine lines (278.631 GHz) are both covered by the 1-MHz channels. The bank of 1-MHz channels also contains weak NO 2 lines, the two strongest being at 278.621 and 278.677 GHz (Fig. 1) . The observing method is the beam switching technique (Parrish et al., 1988) where atmospheric emission is measured both at high elevation, named "reference" (R), and at low elevation, named "signal" (S). A dielectric sheet of appropriate emmisivity is mounted at Brewster's angle within the (R) beam, acting as a gray-body emitter to equalize the continuum power levels in the (S) and (R) beams. The (S) beam elevation is then continuously and automatically adjusted to keep the continuum levels equal as the tropospheric opacity changes.
Integration time is 15 minutes. Data are stored as (S-R)/R spectra which are proportional to the stratospheric emission from the zenith direction (Lezeaux, 1999) . The factor of conversion from [(S-R)/R] to stratospheric brightness temperature from the zenith direction y is:
where A s st and A r st represent the stratospheric air masses in the (S) and (R) beam, respectively; A s t and A r t represent the tropospheric air masses in the (S) and (R) beam, respectively; τ z is the tropospheric opacity; τ d is the dielectric sheet opacity. The term [R] is the system temperature in the [R] beam and can be expressed as:
where T rec is the receiver noise temperature, T atm is the physical mean temperature of the troposphere, T d is the physical temperature of the dielectric sheet. The term T atm (1 − e −A r t τ z ) corresponds to the tropospheric emission deduced from a simple model of an isothermal troposphere. Mean tropospheric temperature is estimated by subtracting 6 K from the surface temperature. In order to determine the receiver temperature, a calibration process is automatically performed every 8 spectra. Twice per month, a manual calibration was also carried out. Receiver temperature determined by the automatic procedure exhibits a strong sine wave ripple. Such a ripple does not appear on manually calibrated procedures but its mean value shows large fluctuations over a period of several months. Knowing that, we decided to use the manual calibration to determine the T rec vector, whose mean value is corrected to be equal to the mean value of T rec given by the automatic procedure. We can rewrite Eq. (1) as:
where [(S-R)] is the difference between (S) and (R) and η=A s st e −A s t τ z − A r st e −A r t τ z e −τ d . Radiometric noise on the [(S-R)] is given for a single side band receiver as:
where T sys is the system noise temperature, δν is the frequency width of a given channel, and δt is the integration time for measuring a single spectrum, i.e. 15 minutes. From Eq. (3), the radiometric noise on the stratospheric brightness temperature from the zenith direction is deduced to be σ/η. As shown in Fig. 2 , variations of the value of the 1/η parameter are mainly induced by the atmospheric opacity. The highest opacity for which measurements are taken into account in this study is τ z =0.2, giving a value of 1/η close to 1. The associated thermal (i.e. random) noise amplitude in the stratospheric signal is 0.067 K per channel, giving a signalto-noise ratio (SNR) close to 1, considering a midday ClO signal and a 15-minute integration period. When considering a nighttime NO 2 signal at 278.677 GHz (the strongest line), the SNR is close to 0.3. The lowest measured atmospheric opacity is about τ z =0.04 which gives a much smaller thermal noise of about 0.017 K (1/η=0.25) per channel, giving a SNR of ∼4, considering a midday ClO line. When considering a nighttime NO 2 line at 278.677 GHz, the associated SNR is close to 1.
The Schottky mixer technology of the 1980s employed for the Bure instrument gives a receiver noise temperature of ∼850 K. State-of-the-art microwave instruments using a SIS technology mixer can reach receiver noise temperature close to 100 K (see e.g. Maier et al., 2001) , i.e. the integration time can be reduced by a factor of ∼60. The poor Bure instrument sensitivity implies the need to integrate over several hours.
Another limitation in the analysis of the Bure measurements is the small number of periods of good quality (typically τ z <0.08) during both daytime and nighttime at the site of the Plateau de Bure. From December 1993 to April 1995 (refer to , the best period was the time frame from January to April 1995. We will then focus on this particular period for assessing the quality of the measurements of O 3 , ClO, and NO 2 .
Baseline characterisation
The shape of the instrumental baseline has been measured in February 1994 and in January 1995 (Figs. 3 and 4, respectively) . A simple function over the total bandwidth cannot fit the baseline undulation. A first analysis representing the baseline as a tenth-order polynomial whose the amplitude was retrieved simultaneously with the vertical profiles gave too much ClO below 35 km. Since baseline ripples which are caused by reflections in the system optics usually appear sinusoidally, we have decided to limit our present analysis to the central 256 channel high-resolution section of the spectrometer, where the baseline ripple more closely resembles a simple sine wave function with a period of ∼230 MHz. In the earlier analysis by , a 70 MHz ripple was also mentioned with an amplitude of less than 5 mK on a spectrum from the zenith direction. Although the intensity of this ripple is 10 times smaller than the dominant ripple, studies show that even this undulation may induce errors on the retrieval of O 3 and ClO below 35 km. We must note that residuals in February 1994 (they are less marked in January 1995) show another sinusoid whose amplitude is 10 times less than the two selected sine functions. Since in Sect. 4, we will concentrate on the period JanuaryApril 1995, the baseline in the present analysis is fitted with the function φ(ν):
where a 1 and a 2 represent an offset and a linear slope, respectively, and ω 1 and ω 2 are the periods of the two different sine functions. The two values giving the lowest χ 2 have been calculated to be ω 1 =215 MHz and ω 2 =75 MHz in February 1994, and ω 1 =238 MHz and ω 2 =75 MHz in January 1995 (Figs. 5 and 6, respectively). Note that the retrieved amplitude of the baseline ripples (see next section) is typically ranging from 5 to 20 km, that is consistent with the previous analysis of .
Data analysis
Optimal estimation method
Following the methodology developed by Kuntz et al. (1999) and used on a regular basis to analyze microwave measurements from the Odin satellite , the difference between the retrieved parameters,x p , and the true one, x p , can be expressed as: where p and q denote either the volume mixing ratio (VMR) profiles or baseline parameters,
is the error due to the poor apriori knowledge of other parameters to be retrieved, D y K b b is the error due to uncertainties in the forward model parameters, and D y m is the error due to the measurement uncertainties.
This expression shows that the error on the a priori value given for one parameter may induce an error on the other retrieved parameters. This effect is named contamination in Baron et al. (2002) . We then may define the measurement sensitivity W m of the constituent x p as
where i and j correspond to height indices. It corresponds to the weight of the measurement relative to the weight of the a priori information upon the retrieved quantity. Ideally, the measurement sensitivity for an optimal retrieval is 1. Nevertheless, we consider that the vertical domain where the retrieval is efficient to be characterized by a value of W m greater than 0.7, i.e. at least 70% of the retrieved information comes from the measurement and less than 30% from the a priori information. The vertical resolution of the measurements is commonly defined by the width at half-maximum of the averaging kernels A p/p . Consequently, a high-vertical resolution data set x 0 p (e.g. model results) can be degraded into a low-vertical resolution data setx 0 p by simplifying Eq. (6) into:
Considering a 15-min integration time, the averaging kernels A p/p are shown in Fig. 7 . The vertical resolution of the retrieved profiles and the altitude range of a good sensitivity to the measurement are deduced from the width of the averaging kernels A p/p and from their sum close to 1, respectively. Thus, O 3 profiles are retrieved between 30-60 km with a vertical resolution of about 10-20 km and ClO profiles between 35-50 km with a vertical resolution of about 10-20 km. The measurement sensitivity for NO 2 has a peak at 40 km of 0.4, lower than the limit of 0.7 chosen above for W m .
A theoretical study has been performed in order to characterize the retrieval of the different parameters during either daytime or nighttime periods representative of a typical 15-minute integration time. Simulations are performed by considering an error of 1 ppbv for ClO, 8 ppmv for O 3 , and 10 ppbv for NO 2 on the a priori profile. Only thermal noise has been assumed, and its amplitude has been taken to be 0.02 K; that is consistent with a period of very low opacity, i.e. the best atmospheric conditions. Figures 8 and 9 show the retrieval studies for the daytime and the nighttime conditions, respectively. The true profile x, the a priori profile x a , and the estimated profilex are represented by a solid line, by a dotted line and by stars, respectively. Shaded areas are representative of the vertical domain where an efficient retrieval is expected, i.e. W m >0.7. Horizontal error bars are given at a one-sigma level. Daytime and nighttime O 3 amounts are relatively well estimated. Daytime and nighttime ClO retrievals are strongly contaminated by the a priori profile, except around 40 km. In other words, this simulation based on a 15-min. integration time shows the extreme difficulty of retrieving information on ClO outside the altitude domain centered at 40 km, where the measurement response is close to 1, even considering the best atmospheric conditions. Daytime NO 2 estimates are essentially a priori contaminated while nighttime estimates are more affected by information contained in the measurements. Fig. 8 . Simultaneously estimated daytime profiles (stars) from noise-free synthetic spectrum of (a) O 3 , (b) ClO, and (c) NO 2 , together with: true profile (thick line) and a priori profile (dotted line), representative of a 15-minute integration time. Thermal noise error bars are given at 1-σ level. The shaded area corresponds to a vertical domain where an efficient retrieval is expected, namely W m >0.7. Simultaneous retrievals from a noise-free spectrum represent the best-case scenario, thus the conclusions drawn can be considered as optimal. The study above only takes into account thermal noise that is considered as an uncorrelated source of random error. From , it has been noted that essentially two other sources of error will need to be considered: spectroscopic and baseline errors. These terms might be treated as systematic errors (see, e.g. de La Noë et al., 1998). Baseline error dominates retrievals in the lower part of the stratosphere and spectroscopic error in the upper part, although the random error induced by the thermal noise always dominates. Since the number of averaged vertical profiles differs from one day to another, we have chosen to present for each Bure data only the random error associated. The systematic error can be estimated to be in the worst case 80% of the random error on a 15-min. integration time , namely 0.5 ppmv for O 3 VMR, 0.15 ppbv for ClO VMR, and 4 ppbv for NO 2 VMR. These systematic errors are represented on each figure.
In addition to this study, comparison of a set of average spectra measured at different periods during winter 1995 shows a frequency shift of the instrument (Fig. 10) . The frequency seems to drift continuously with time. In order to take into account this effect the frequency shift is retrieved simultaneaously with the other parameters. Such a retrieval is nonlinear and is solved by using an iterative scheme. For a given retrieval, the first guess of the frequency is the frequency retrieved from the previous measurement. The iterative process converges after 2-3 iterations. Figure 11 shows the evolution of the retrieved frequency shift within the period 1993-1996 with respect to the value estimated in January 1994. A maximum deviation of 3.5-4 MHz has been estimated. SLIMCAT. Following the analysis described in (Ricaud et al., 2000) , the 0D-model was run according to two scenarios. The yield in the reaction ClO + OH −→ HCl + O 2 is either 5% (case A) or 10% (case B), and is an important issue in the understanding of the temporal evolution of the chlorine budget (see, e.g. Lary et al., 1995) . The vertical resolution of the models and of the satellite data have been degraded to match the resolution of the Bure measurements by using Eq. (8). Since the vertical resolution of the ground-based microwave measurements of O 3 from Bern is similar to the one from Bure, no degradation have been performed upon the Bern data. Although the Bure instrument is dedicated to ClO measurements, the O 3 line is much stronger than ClO lines. Consequently, O 3 retrievals are expected to be more reliable than ClO retrievals; thus, we start with the O 3 results. Retrievals of O 3 from Bure (see Fig. 12 ) centered at 31.5 km appear to be scattered around both the Bern measurements and the SLIMCAT model results, tracing the incidence of a remnant of baseline structure that can affect the retrievals in the lower part of the stratosphere. Higher up, Bure retrievals are consistent with SLIMCAT model outputs, although the amount of O 3 from Bern is less or equal to the amount of O 3 from Bure. The best agreement between the three data sets appears to be in the layers 43.5 and 49.5 km. In addition, the O 3 pronounced minimum at the end of January 1995 at 37.5 km is well detected in Bure, in agreement with SLIMCAT and Bern data.
The temporal evolution of ClO over the same period as measured at Bure and as calculated by the 3D model is shown in Fig. 13 , together with some measurements from the UARS/MLS instrument. The MLS instrument samples an area of the atmosphere from 34 • on one side of the equator to 80 • on the other side, the hemisphere of high-latitude coverage alternating every ∼35 days. It appears that for this particular winter period only 6 days of measurements are available: 1 and 3 February 1995, and 6, 7, 8 and 10 March 1995. For these six days, UARS/MLS data have been zonally-averaged from 40 • N to 50 • N, in order to reduce measurement errors, and daytime data measured between 11:00 and 15:00 Local Solar Time (LST) have been selected. Note the difference between SLIMCAT model high vertical resolution output (thin crosses) and low vertical resolution output (thick crosses). Except at the altitude of the maximum, namely 37.5 km, the altitude resolution can alter the ClO VMR by ∼0.25 ppbv and ∼0.15 ppbv at 43.5 and 49.5 km, respectively.
At 31.5 km, Bure ClO VMR is consistent with UARS/MLS and is much less than SLIMCAT, although this layer has a weak instrument sensitivity of 0.5. The minimum in the O 3 field observed and calculated at the end of January 1995 at 31.5 km is correlated with a maximum in both the modelled and the measured ClO at the same altitude, showing a difference of ∼0.2 ppbv between 20 and 30 January. This episode can be associated with some high values of potential vorticities (not shown), i.e. with the crossing of the Arctic vortex over southern France. This effect does not appear in the UARS/MLS data, since they have been zonally- averaged in order to lessen error bars. At 37.5 km, ClO VMR from Bure shows a net increase from the beginning of January to end of January in agreement with SLIMCAT, although VMR from Bure is less than SLIMCAT but very consistent with UARS/MLS ClO for the period 1 and 3 February 1995. At 43.5 km, UARS/MLS and SLIMCAT agree well, together with Bure data in January 1995. In March, data from Bure appear to be more scattered around SLIMCAT, although the March to April decrease in ClO VMR is seen both in SLIMCAT and in Bure data. At 49.5 km, UARS/MLS data is systematically less than SLIMCAT whilst Bure data is consistent with SLIMCAT. The scattering of Bure data in March-April although not negligible, is within the systematic errors of ∼0.2 ppbv. Higher up at 55.5 km, UARS/MLS measurements are much weaker than both SLIMCAT and Bure. Again, in January, Bure data appear to be very stable and in March-April more scattered. But in this layer, the instrument sensitivity is weak: ∼0.5.
Diurnal variations
Another way to assess the quality of the measurements is to concentrate on the diurnal variations of the constituents, since O 3 diurnal variations (see, e.g. Zommerfelds et al., 1989) , ClO diurnal variations (see, e.g. Solomon et al., 1984) and, to a lesser extent, NO 2 diurnal variations have been intensively studied. We globally average data irrespectively of the year for the month of January in 12 bins of a 2-hour width, in order to study the diurnal variations of the constituents. We then compare the measured diurnal variations of O 3 between 50 and 60 km with the ones calculated by the 0-D model (see Fig. 14) , keeping in mind that the a priori information does not diurnally evolve (flat line). Differences in absolute values between measured and modelled variations (<1 ppmv) are mainly attributed to differences in the amount of H 2 O that strongly controls O 3 in the upper stratosphere and lower mesosphere (see, e.g. Ricaud et al., 1996) . The amplitude of the variations is in very good agreement between measurements and models, which gives some confidence in the instrument calibration procedures and the general deconvolution process being used.
Diurnal variations of ClO measured and modelled from 30 to 55 km are presented in Fig. 15 . The amplitude of the ClO diurnal variations at 28.5 km is measured to be less than that calculated by 0.25 ppbv, but this layer has a weak instrument sensitivity of 0.5, thus the a priori contamination is far from being negligible. At 34.5 km, the difference between measurements and the model reduces to 0.1 ppbv to reach 0.05 ppbv to the daylight hours at 40.5 km, a layer where the instrument sensitivity is optimum. Above, at 46.5 km, the weak diurnal amplitude is well measured and modelled, but the ClO VMR from Bure has a deficit of ∼0.2 ppbv compared to the 0-D model. It is difficult enough to discriminate between runs A and B model outputs even in the optimum layer at 40.5 km, keeping in mind that systematic error is ∼0.15 ppbv. Nevertheless, we can infer some values of η to be ranging between 0.05 and 0.10, that is consistent with Ricaud et al., 2000) and laboratory data suggesting a value of 0.05-0.06±0.02 (Lipson et al., 1997) . Note that systematic error can produce a bias in the mixing ratio of the considered species but does not affect the amplitude of its diurnal variation.
Certainly the most interesting results come from the measurements of the diurnal variations of NO 2 , a constituent that has very weak lines within the frequency range of the Bure radiometer. Figure 16 shows the measured and modelled diurnal variations of NO 2 together with the evolution of the a priori (flat line) at 40 km. The measurements are representative of a 3-month average of the retrievals from January to March 1995 into 12 boxes of a 2-hour width from 0 to 24 h.
The orbit of the UARS satellite precesses by a few minutes per orbit, so the local times of the measurements at a given latitude vary by up to 20 min over a 24-hour period, i.e. 24 h over a month by combining ascending and descending nodes. It is then possible to study diurnal variations of constituents like O 3 (Ricaud et al., 1996) , ClO (Ricaud et al., 2000) , and presently NO 2 . UARS/CLAES NO 2 data have been zonallyaveraged within the latitude band 40 • N-50 • N for the month of February of the years 1992 and 1993 into 12 boxes of a 2-hour width. Both model outputs and satellite data vertical resolutions have been degraded onto the ground-based instrument vertical resolution.
The night-to-day decrease in NO 2 is well detected by the Bure instrument but the amplitude of the diurnal variation is more intense in satellite and model data (6-7 ppbv) than in the Bure data (3-4 ppbv). This underestimation of the amplitude of the diurnal variation, in fact of the nighttime values, is due to the use of an a priori information constant over the 24 hours, since the instrument sensitivity is far from being optimum, namely 0.5, thus the a prior contamination is strong. Nevertheless, the global agreement between measured and modelled variations shows the great potential of the simultaneous analysis of spectra to retrieve both baseline riples, and different atmospheric constituents, whose emission line (even weak) can be analysed when they are time averaged in order to increase the signal-to-noise ratio, keeping in mind the time frame considered: 3 months. 
Conclusions
The present paper has assessed the quality of the measurements made by the microwave radiometer dedicated to the detection of ClO lines around 278 GHz and installed at the Plateau de Bure from 1993 to 1996. This instrument belongs to the international Network for the Detection of Stratospheric Change (NDSC) and is intended to detect changes in the chlorine monoxide temporal evolution at mid-latitude. A new methodology for estimating simultaneously vertical profiles and baseline parameters has been implemented, similar in its philosophy to the method used to analyze microwave measurements from the Odin satellite. Indeed, in addition to ClO, which can be detected from 30-50 km, O 3 can be retrieved in the altitude range 30-60 km and monthly-averaged NO 2 can be detected around 40 km.
We can conclude that simultaneous retrievals of O 3 , ClO, and NO 2 are qualitatively consistent with model results (photochemical and SLIMCAT models) and independent comparison data (ground-based microwave instrument located at Bern University and UARS satellite instruments), with some differences in the lowermost layers where the incidence of baseline remnants is strong. However, the poor sensitivity of the present instrument, the site location, the baseline pertubations, and the slow frequency drift of some components have made it impossible to monitor stratospheric ClO in a quantitative way.
Some improvements are possible. The use of a state-ofthe-art detector can reduce the integration time needed for good quality retrieval. A wideband spectrometer can better characterize baseline undulations. Another more elevated site in Europe will certainly help to increase the number of days of good opacity, in order to actually characterize the temporal evolution of ClO at mid-latitude. The present instrument has now returned to the USA in order to be updated.
